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Synthesis of Mixed Valence Tungsten Oxide Based N anomaterial for The 
Application of Near Infrared Absorption 
Chapter 1 General introduction 
According to the wavelength and energy, the rays come 企omthe sun are roughly c1assified into three types of 
radiations, that is, ultraviolet radiation (wavelength < 400 nm), visible light (400 nm < wavelength < 780 nm) and 
near-in企ared radiation (or heat rays, 7800 nm <wavelength < 2500 nm). The NIR light taking up to 52 % energy 
of sunlight is perceived as heat energy by the human body. In addition, the UV light is well-known to have 
adverse e百ect on the human body. Accordingly, it is very significant to develop transparent solar control filter 
consisting ofNIR absorption nanomaterial used for housing and automotive windows, which can only transmit the 
visible light, and cut off the NIR light and UV light. This is not only possible to prevent a temperature rise in a 
room in summer and also realize heat-insulating in winter, but it is also desirable for the health care. Furthermore, 
the NIR abso中tionmaterial is also applicable to various products inc1uding optical fibers, prepaid card, sunvisors, 
packing films, glass, textile products, peep holes of heating equipment and room-heating appliances and can 
impart in企ared-ray cutoff effects to these products. Finally, the effective NIR absorption material is promising as 
NIR absorbent for photothermal ablation therapy of human cancer as well. In this thesis, we worked on 
developing e百ective near-in企ared-absorption material for the application of solar light filter and photothermal 
therapy. 
Chapter 2 Facile synthesis of Csx W03 nanorods and Rbx W03 nanoparticles by an originated “Water 
controlled-releasing process" 
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This section described the synthesis of homogenous Csx W03 nanorods and Rbx W03 nanoparticles by an 
originated “Water control1ed-releasing process" in which acetic acid and ethanol were used to generate water 
nucleus gradually and slowly upon heating. The results revealed that the uniform rod-like CS0.32 W03 nanoparticles 
Rbo・ 23W03 nanoparticles could be obtained by using 20 vol. % CH3COOH・80 vol.% CH3CH20H mixed solution 
as a reaction solvent at 240 oC for 20 h. The morphologies of products were changed depending on the speed of 
the water-releasing process, meanwhile, the Cs/W atomic ratio could be controlled by both the amount of released 
water and reaction tempera印re . The thin films consisting of CSx W03 nanorods and Rbx W03 nanoparticles showed 
high transmittance in the visible light region and excel1ent shielding ability of near infrared (NIR) lights, 
indicating that CSx W03 nanorods (or 
Rbx W03 nanoparticles) have the 
suitable characteristics as solar filter 
applications. Moreover, the CSx W03 
nanorods also exhibit strong abso中tion
in the longer wavelength of 2500-16000 
nm and quick conversion of absorbed 
light into local heat. In addition, “Water 
controlled-releasing process" has been 
Figure 1. TEM image of CSx W03 nanorods 
proven to be applicable for fabricating various 伽lctional materials, such as Sn02, Ti02, W03, etc. 
Chapter 3 Controlled synthesis OfWlS049 nanomaterial 
The morphology-controlled fabrication of tungsten suboxide has been performed and investigated its optical 
response as mnovatlve ~"一一
energy-saving windows. The 
results revealed 出at， various 
morphologies of W1 8049, such 
as nanorods, nanofibers, 
nanograms, nano・urchins
nanoassembles, nanoplates and 
nanoparticles with tunable sizes 
could be synthesized by facile 
solvothermal reactions using 
alcohols as reaction media and 
WCI6, W(EtO)6, W(CO)6, WC14 
and W03 sol as W source. 
(Fig.2) There was strong 
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Figure 2. The morphologies ofas-obtained Wl8049 
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size-dependent optical performance, that is, the smaller size, the higher absorption of heat-rays. Resultantly, 
WI8049 nanorods of less than 50 nm in length showed the best optical performance as an effective solar filter, 
which involved selectively transmits the visible light as wel as absorbs heat-ray. Meanwhile, the WI8049 
nanorods exhibited instantaneous conversion ofthe absorbed photo-energy to the local heat.(Fig.3) 
Chapter 4 Synthesis of one-dimensional reduced-state tungsten oxide nanomaterials 
This sect¥On described general 
synthesis of one-dimensional 
reduced-state tungsten oxides including 
NaxW03, KxW03, σ仔{4)xW03 and 
W 18049. Under the assistance of SO/-ion, 
which is preferentially absorbed on the 
lateral part of crystal and force it growth 
along one direction, 白Ily oxidized 
tungstate of Nax W03村12 ， KxW03句12 and 
(NH4)x W03+xJ2 nanofibers were formed 
under hydrothermal conditions. To obtain 
optical-active reduced tungsten oxides, 
successive heat-treatment in the reductive 
environrnent was performed. After the 
reaction , the species of Nax W03吋12 and 
Kx W03+xJ2 were converted into Nax W03 
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Figure 3. (A) Photo-thermal conversion test. The temperature 
distribution of powder and film of 印ngsten bronze was monitored 
by thermographic device after being radiated by 50W halogen lamp 
for 5 seconds.; (8) Heating insulating test. Sealed boxes were 
covered by quartz glass, Mx W03 coated quartz glass, and ITO glass 
(10 QJ ロ)， respectively. Then, the boxes were irradiated by halogen 
lamp and the tempera加re changes with time were recorded by 
electronic thermometer. 
and KxW03, respectively, whereas (NH4)xW03+xJ2 changed to WI 8049・ On the other hand, (NH4)x W03 nanorods 
were also synthesized by a solvothermal method using ethylene glycol and acetic acid as solvent. The thin films 
made of these one-dimensional compounds al showed UV・Vis-NIR absorption profile similar to CSx W03 
nanorods or Rbx W03 nanoparticles. 
Chapter 5 Application of tungsten bronze nanoparticles for the photothermal therapy 
[n this section, (NH4)x W03 nanocubes have been employed for the photothermal destruction of cancer cel. 
(NH仏W03 nanocubes of 100 nrn size have been developed and firstly applied as a hyperthermia agent for the 
photothermal cancer treatment. The nanocubes displayed good photo-absorption ability and excellent 
photothermal conversion efficiency in the second NIR region. MTT assay proved the low biotoxicity of these 
nancubes. Sliced TEM image revealed that the intracellular accumulation of nanocubes in the vesicle of cell. NIR 
photoexcitation of the (NH4)x W03 nanocubes in the inner part of lung cancer cells led to significant cell death in 
vitro, verifシingthat the nanocubes have the potential for the photothermal therapy. (Fig.4) 
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Chapter 6 Electric conductibility of tungsten bronze 
This section described mainly the influence of heating atmospheres on the electric conductivity of 
tetragonal Kx W03 and cubic 
NaxW03 obtained 企om the 
solution-based reductive approach, as 
well as showing the conductivity of 
several samples synthesized by 
solvothermal process. The 
as-prepared Kx W03 and Na，川r03
possess very low conductivity owing 
their amo中hous nature. However, 
after the calcinations, al the samples 
behave as excellent conductors, 
especially for the samples heated in a 
reductive atmosphere of Hz(5%)/Nz, 
being attributed to its pure phase, 
high cηstallinity， reduced-state 
nature, and synergistic effect of 企ee
electrons and oxygen vacancies. 
Chapter 7. Summary and conclusions 
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l I11 l 1-- -・・-Figure 4. Confocal microscopic images of cells without uptake of 
nanocubes (upper row) and cells enriced with nanocubes after exposure to 
980 nm laser for different time with nominal concemtration of nanocubes 
0.2 and 0.4 mg/ml. The pictures were recorded at 48h-post time. 
In the present thesis, we worked on developing effective near-infrared-absorption materials for the 
application of heat-ray shielding films and photothermal ablation of cancer cel. It has found that the nanosized 
reductive tungsten oxides, such as tungsten bronzes or tungsten suboxide, which contain lots of free electrons and 
realize the absorption ofNIR light by polaron hopping, showed excellent properties in this regard. 
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論文審査結果の要旨
太陽光中には約 50%の近赤外線(繋線)が含まれており、近赤外線の遮蔽は、室内のエアコン消費エネルギーの
低減すなわち二酸化炭素放出低減に有効であること等から、近赤外線遮蔽材料が注目されている。近赤外線の遮蔽
には自由電子のプラズモン吸収・威すが利用されるが、窓材等への利用では可視光に対する透明性も求められるこ
とから、スズドープ酸化インジウムσ1'0)等のような適度な自由電子密度を有する導電性ナノ粒子が用いられてい
るが、更なる高性能化が望まれている。
本研究は、アルカリ金属イオン濃度の変化により、自由電子密度の嗣H卸が可能なタングステンブロンズ化合物に
着目し、ソルボ、サーマル周志により、種々のタングステンブ、ロンズナノ粒子の合成と近赤外線遮蔽およひ癌の温熱
治療への応用について検討したものであり、全編7章よりなる。
第 1 章は緒論であり、近赤外線遮蔽材料に求められる特性、従来の近赤外線遮蔽材料の特質、タングステンブロ
ンズ化合物の特性について概説し、その特徴を述べ、また、重要ながら耕平明な事項を列挙し、その上で、本研究
の目指す方向とその概要を述べている。
第2章では、アルコール酢酸混合制某を用し、るソルボサーマル周芯によるタングステンブ、ロンズ概査を有する
CSxW仏およびRhxW仏のナノ粒子の生成機構を解明するとともに、得られたそれぞれのナノ粒子の近赤外線遮蔽
特性に及ぼす粒子形態やアルカリ金属イオン濃度の影響および近赤外線遮蔽機構を明らカヰこするとともに、タング
ステンブロンズナノ粒子が ITO より優れた近赤外線遮蔽特性を有することを実証している。
第3章では、ソルボ、サーマル即芯を用し、るタング、ステンブ、ロンズ構造低原刊面酸化タングステン (W18Û49) のナ
ノ粒子合成j去を開発し、優れた近赤外線遮蔽特性を示すことを霜正してし、る。
第4章では、種々の溶媒を用いるソルボ、サーマル同志lこより、ロット状およびファイバー状のような一次元的形
態を有する NaxWÛ3， KxWÛ3，似Rt)xw仏およびWlρ'49粒子を合成し、優れた近赤外線遮蔽効果を発現できること
を実証している。
第 5 章では、タングステンブ、ロンズナノ粒子が優れた近赤外線一熟変換特性を有することを利用し、癌細胞を熱
的に破壊する温顎療法への応用について検討し、粒径 100nm 程度の(Nl4) xW仇ナノロッドを合成し、優れた温熱治癒
特性を有することを霜正してし、る
第6 章では、第 2 章~第6 章で、合成された種々のタングステンブ、ロンズナノ粒子の電気伝導度と近赤外線遮蔽特
性の関連を明らかにしている。
第 7章は結論であり、各章の結言を要約している。
以上、要するに材命文は、ソルボサーマル即芯による種々のタングステンブロンズナノ粒子の合成法を開発し、
優れた可視光透明性を有する近赤外線遮蔽材キ癌の糊療法への応用が可能であることを芳正した研究であり、環
境科学、物質科学の分野の発展に寄与するところ少なくなし、
よって、本論文同専士(学術の学位論文として合格と認める。
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